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(54) FM-CW RADAR DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To simplify the processing 
of radar signals regarding an FM-CW radar device ideal 
as a device for accurately detecting a plurality of objects 
existing in front of a vehicle. . 

SOLUTION: An FM-CW radar'for scanning a detection"^ 
area in front of a vehicle is provided to scan in regular 
order from an area 1 to collect object data. Only a peak 
caused by an object 50 appears in the spectral analysis 
result of the area 1 , and only a peak caused by an object 
52 appears in the spectral analysis result of an area 3. 
Peaks caused by the objects 50, 52 arise in the spectral 
analysis result of an area 2. As to a plurality of peaks 
included in the spectral analysis result of the area 2, the 
peaks already determined to be paired in the area 1 or 3 
are combined first, and then remaining peaks are paired. 
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[0 0 5 11 b;i^L?fe;6S^, JilEHl 1 0 (A) 
10 (B) {ZTjk-ttQK, ±^^m:^^^ h/\^^J:XJ^Ty) 

10 0 5 21 *llJS^!iti. 1#^<o*2Eli«c*-elg|gc<^f 

#g^Sr*LTV^5o WT. Hi SXtfUl 4Sr#BBL 
[0 0 5 31 l^il 3:j3j:U^gll 4 . -blScD^fg^Hm 

{C. 1 0 OmsecS(C;€K^tt^yW— ^vefc-So 
[00541 Si ^i^XX^m 1 4 (C^-Tyw ^^'^jsgift 
9t'r:^'ry':fl 0 0(C;JoV>T. ;«;e7>'^ i 25^ 
>r y h^H^o :^7'>>^ i 1^1/— i$^T>7^-M 



(7) #§8^9-1 4 5 8 2 7 

12 

-fzii^^yUiO-atcJ; t) "0" f>^±>y V^ixX\^^o t^o 
^>;&5;SKi$i%fcltmJ*. ;^r-5/>^i 0 Otc 
^\^^X \i)^ "1" 
[0 0 5 51 ;^X:y:7'l 0 2X*\t. i {::oV^TOx 

$tt^*T% >^1 0 2<^flJj3iJ;i>5^Tipn 

10 0 4^CjoV^T. ±f9 |xrp^;:^-<:i:^ h/i.4oJ:UtTt) EK^'^ 
[0 0 5 61 ±fB><.7":y>^l 0 4 O^mT^S^t-T-r-S . 
(C^^nS h/w<DS:;5S "1" XK^±^\^t^ 

■r?i^:b'^. t'-^|g:;6s "1" -CfcS tmIJ$i^fcm'g' 

1 1 2(D^M:65^tT^tvSo 

[0 0 5 71 ±K;^X5/^1 0 6{C43V^T. t"— iJ^^T^s 
. "1" <^:?);^#v^tmu$i^fc«^^^. ;=^7^5.>^10 8 

/ui:;65iS}S»i(c-<Ty ^iT^tt'So iSfefc. ;^'7^:y:7^i 
1 OJc:feVN"C. ]) iy^^i\.ti\f—^ h/i-(0*a 
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CLAIMS 



[Claim(s)] 

[Claim 1] The beat signal generation device which generates a beat signal based 
on the frequency modulation device which modulates the frequency of a 
transmission wave with predetermined rate of change, and the reflected wave 
and transmission wave to a transmission wave, The spectrum analysis result 
about the beat signal acquired in the process in which have the spectrum 
analysis device in which the spectral intensity of each frequency component 
contained in a beat signal is detected, and the frequency of said transmission 
wave rises. In the FM-CW radar which detects the distance to the object which 
reflects said transmission wave, and the relative velocity of this object combining 
the spectrum analysis result about the beat signal acquired in the process in 
which the frequency of said transmission wave descends A scan means to make 
said transmission wave scan a predetermined detection field, and the peak 
spectrum contained in the spectrum analysis result obtained in the process in 
which the frequency of said transmission wave rises, The FM-CW radar 
installation characterized by having the spectrum pairing means which carries out 
pairing of the peak spectrum contained in the spectrum analysis result obtained 
in the process in which the frequency of said transmission wave descends based 
on the scan angle data of said scan means. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a FM-CW radar installation, and 
relates to a FM-CW radar installation suitable as equipment which detects two or 
more objects which exist ahead [ car ] especially with a sufficient precision. 
[0002] 

[Description of the Prior Art] Conventionally, the technique of realizing the radar 
installation for mount using an FM-CW radar installation is proposed. For 
example, according to JP,7-49377,A, the radar installation for steer mold mount 
using the FM-CW radar installation as a detection device of an object is indicated. 
The above-mentioned radar installation presumed the location of the precedence 
vehicle which runs a self-lane top from the run state of a car etc., and is equipped 
with the function which carries out the steer of the radar antenna of a FM-CW 
radar installation to the include angle. Since possibility, ROSUTO [ a precedence 
vehicle ], can be lowered during transit of a curve according to this configuration, 
a high object recognition precision can be acquired in the radar installation for 
mount. 



[0003] In a FM-CW radar installation, the transmission wave witli which a 
frequency is fluctuated with predetermined rate of change towards a detection 
field from a radar antenna is transmitted. If an object exists in a detection field, 
after the travelling period tau according to the distance of an object and a radar 
antenna, a reflected wave will reach an object and a reflected wave will be 
generated. The generated reflected wave reaches after the travelling period tau 
according to the distance of an object and a radar antenna at a radar antenna. 
[0004] Like the above, by mixing the reflected wave which reaches a radar 
antenna, and the transmission wave in the time, the frequency deviation of a 
reflected wave and a transmission wave is made into a fluctuation frequency, and 
the beat signal which has the amplitude according to the reinforcement of a 
reflected wave is generated in a FM-CW radar installation. If well-known FFT 
processing is performed to the beat signal generated like the above and 
frequency analysis is carried out to it, the spectral intensity of each frequency 
component contained in the beat signal can be obtained. A FM-CW radar 
installation calculates the relative velocity of the object over the distance and the 
FM-CW radar installation to an object using the spectrum analysis result (an 
uphill section spectrum is called hereafter) about the beat signal acquired in the 
process in which a reflected wave goes up, and the spectrum analysis result 
(hereafter, it gets down and a section spectrum is called) about the beat signal 
acquired in the process in which a reflected wave descends. 
[0005] When two or more objects exist in the detection field of a FM-CW radar 
installation, a reflected wave is generated to each object. Thus, generation of two 
or more reflected waves forms two or more spectrum peaks into the spectrum 
analysis result of a beat signal. In this case, in order to detect two or more 
objects correctly, it is necessary to combine two or more spectrum peaks 
included in an uphill section spectrum, and two or more spectrum peaks which 
get down and are included in a section spectrum proper. 
[0006] An uphill section spectrum and when it gets down and two or more 
spectrum peaks exist in a section spectrum, the above-mentioned conventional 



radar installation for mount performs the correlation operation of the technique of 
frequency pairing which carries out pairing of the spectrum peak to the order of ** 
frequency, and the configuration of** spectrum peak, and is aiming at 
implementation of proper pairing using the both sides of the technique of 
correlation pairing which carries out pairing of the mutually related high things. 
[0007] When there is no big relative-velocity difference in two or more objects 
which exist in a detection field, it gets down also into an uphill section spectrum, 
and also into a section spectrum, the peak spectrum of the small object of a 
relative distance appears in a low frequency side, and the peak spectrum of the 
big object of a relative distance appears in a RF side. Therefore, under this 
situation, exact pairing can be performed by the technique of the above- 
mentioned **. 

[0008] On the other hand, when a big relative-velocity difference exists in two or 
more objects which exist in a detection field, it may appear in the sequence that 
get down the inside of an uphill section spectrum, and the spectrum peaks about 
the same object differ in a section spectrum. In this case, exact pairing cannot be 
performed by the technique of the above-mentioned **. However, the spectrum 
peak which appears into an uphill section spectrum, and the spectrum peak 
which gets down and appears into a section spectrum show high correlation in a 
configuration, when they are the things resulting from the same object, and when 
it is not that to which they originate in the same object on the other hand, it does 
not show high correlation in a configuration. For this reason, after pairing is 
performed by the technique of the above-mentioned **, it is possible to judge 
whether proper pairing was performed by asking for whenever [ correlation / of 
the spectrum peak by which pairing was carried out ]. Moreover, if pairing is 
again performed by the technique of the above-mentioned ** when correlation 
was low and it is distinguished, it is possible to perform exact pairing. 
[0009] For this reason, according to the above-mentioned conventional radar 
installation for mount, when two or more objects exist in exposure within the 
limits of a FM-CW radar installation, the object of these plurality can be 



recognized in a high precision. Moreover, the above-mentioned conventional 
radar installation for mount can irradiate [ be / it / under / car's revolution / 
including ] a self-lane top correctly with a FM-CW radar installation like ****. 
Therefore, according to the above-mentioned conventional radar installation for 
mount, the effectiveness that two or more objects which exist on a self-lane can 
be detected with a sufficient precision can be acquired. 
[0010] 

[Problem(s) to be Solved by the Invention] By the way, in order to supervise the 
car front widely, it is effective to use the radar installation for mount as a 
scanning radar installation. According to the scanning radar installation which 
used the FM-CW radar installation for the detection device of an object, it is 
possible to detect the direction where an object exists to a self-car about each of 
two or more objects which exist in a comparatively large detection field while the 
distance to an object and the relative velocity of an object can detect. 
[0011] In order to detect the object's over self-car existence direction with a 
sufficient precision, it goes up for every predetermined scan angle, and it is 
required a section spectrum and to get down, to calculate a section spectrum and 
to perform detection processing of an object for every scan angle. For this reason, 
in order to realize this function (i.e., in order to fully obtain the profits which use 
the radar installation for mount as a scanning radar installation), it is required to 
carry out pairing of the uphill section spectrum and the spectrum peak which gets 
down and is included in a section spectrum which classifies a detection field into 
two or more fields, performs spectrum analysis about each partition, and is 
calculated to each partition appropriately. 

[0012] The above-mentioned data processing can be performed by performing 
pairing processing by the technique of ** mentioned above to the spectrum 
analysis result calculated about all partitions, and **. However, if this data 
processing is performed, the operation load of the radar installation for mount 
becomes excessive, and the disadvantageous profit on cost or responsibility 
arises. In this semantics, the operation technique of the above-mentioned 



conventional equipment was not necessarily the optimal operation technique in 
the scanning radar installation which used the FM-CW radar installation. 
[0013] This invention is made in view of the above-mentioned point, and aims at 
offering the FM-CW radar installation which solves the above-mentioned 
technical problem by performing simply pairing of the spectrum peak included in 
an uphill section spectrum, and the spectrum peak which gets down and is 
included in a section spectrum using the data of a scan angle. 
[0014] 

[Means for Solving the Problem] The frequency modulation device which 
modulates the frequency of a transmission wave with predetermined rate of 
change so that the above-mentioned purpose may be indicated to claim 1, The 
beat signal generation device which generates a beat signal based on the 
reflected wave and transmission wave to a transmission wave, The spectrum 
analysis result about the beat signal acquired in the process in which have the 
spectrum analysis device in which the spectral intensity of each frequency 
component contained in a beat signal is detected, and the frequency of said 
transmission wave rises, In the FM-CW radar which detects the distance to the 
object which reflects said transmission wave, and the relative velocity of this 
object combining the spectrum analysis result about the beat signal acquired in 
the process in which the frequency of said transmission wave descends A scan 
means to make said transmission wave scan a predetermined detection field, 
and the peak spectrum contained in the spectrum analysis result obtained in the 
process in which the frequency of said transmission wave rises, It is attained by 
the scan radar installation for mount equipped with the spectrum pairing means 
which carries out pairing of the peak spectrum contained in the spectrum 
analysis result obtained in the process in which the frequency of said 
transmission wave descends based on the scan angle data of said scan means. 
[0015] In this invention, a transmission wave is irradiated in the direction of a 
scan angle determined by the scan means. If an object exists in the direction of 
radiation of a transmission wave, the beat signal with which the distance to an 



object and the relative velocity of an object were reflected will be generated. If 
frequency analysis of the beat signal acquired in the process in which the 
frequency of a transmission wave rises is carried out, an uphill section spectrum 
will be obtained. Moreover, if frequency analysis of the beat signal acquired in 
the process in which the frequency of a transmission wave descends is carried 
out, it will get down and a section spectrum will be obtained. The distance to the 
object used as the reason of those spectrum peaks and the relative velocity of 
the object are reflected in the spectrum peak included in an uphill section 
spectrum, and the spectrum peak which gets down and is included in a section 
spectrum. An uphill section spectrum and when it gets down and two or more 
spectrum peaks are included in the section spectrum, it becomes possible about 
two or more objects by combining a spectrum peak appropriately to detect the 
distance to an object, and the relative velocity of an object. In this invention, an 
uphill section spectrum and a going-down section spectrum are calculated for 
every scan angle. It gets down and a spectrum pairing means carries out pairing 
of the spectrum peak in a section spectrum to the spectrum peak in the uphill 
section spectrum calculated to each scan angle based on scan angle data. As a 
result of taking scan angle data into consideration, pairing of a spectrum peak 
becomes easy. 
[0016] 

[Embodiment of the Invention] Drawing 1 shows the system configuration Fig. of 
the scan radar installation for mount which is one example of this invention. The 
equipment of this example is controlled by the electronic control unit 10 (ECU for 
radars is called hereafter) for radars, and the environmental recognition vehicle 
speed control electronic control unit 12 (the environmental recognition ECU is 
called hereafter). 

[0017] The radar antenna 14 and the scan controller 16 are connected to ECU 10 
for radars. The radar antenna 14 is FM-CW (Frequency Modulation-Continuous 
Wave). It is arranged so that revolving-shaft 14a which is the component of a 
radar, for example, is prolonged in the direction of a vertical near the front grille 



of a car can be rotated as a core. The radar antenna 14 is an antenna which has 
directivity, is predetermined exposure within the limits, and transmits and 
receives a signal. 

[0018] The scanner 18 is connected with the radar antenna 14. A scanner 18 is 
equipment which makes the radar antenna 14 rock, and feedback control is 
carried out by the scan controller 16. The scan angle signal is supplied to the 
scan controller 16 from ECU10 for radars. For the scan KONN troller 16, the 
scan angle of the radar antenna 14 is command angle thetaS from ECUIOfor 
radars. Feedback control of the scanner 18 is carried out so that it may be in 
agreement. ECU 10 for radars is command angle thetaS of a scan angle so that 
the predetermined detection field ahead of a car may be scanned at a 
predetermined rate by the radar antenna 14. It is made to fluctuate a 
predetermined period. 

[0019] By performing suitable processing for the signal supplied from the radar 
antenna 14, ECU 10 for radars detects the object which exists in the detection 
field ahead of a car, and supplies the detection result to the environmental 
recognition ECU 12. The alarm 20, the brake 22, and the throttle 24 are 
connected to the environmental recognition ECU 12. When the object is ahead 
[ car ] close, the environmental recognition ECU 12 drives an alarm 20, a brake 
22, or a throttle 24 according to the logic set up beforehand, and it aims at 
moderation of a car while it calls car crew's attention. 
[0020] Drawing 2 shows the block block diagram which expressed ECU 10 for 
radars functionally. ECU 10 for radars is equipment constituted considering a 
microcomputer as a subject. If ECU 10 for radars is expressed functionally, as 
shown in drawing 2 , it can divide and express to the scan angle control section 
26, the radar signal-processing section 28, and the object recognition section 30. 
The scan angle control section 26 is a block which supplies a scan angle signal 
to the scan controller 16 mentioned above. Scan angle command value thetaS 
contained in a scan angle signal It changes synchronizing with the control timing 
of the radar signal-processing section 28. 



[0021] The radar signal-processing section 28 constitutes an FM-CW radar with 
the radar antenna 14. When an object exists in the direction of a scan angle of 
the radar antenna 14, the signal about the object is supplied to the radar signal- 
processing section 28. When this signal is supplied, the radar signal-processing 
section 28 generates the spectrum analysis result in which the distance between 
two cars of an object and a self-vehicle and relative velocity were reflected, 
matches the result with a scan angle, and supplies it to the object recognition 
section 30. In addition, about the configuration of the radar signal-processing 
section 28, it explains in full detail with reference to drawing 3 behind. 
[0022] Based on the spectrum analysis result supplied from the radar signal- 
processing section 28, the object recognition section 30 calculates the data about 
an object to scan each **, and calculates the location of the object which exists in 
the detection field set up ahead [ car ] from the result of an operation, the 
distance to an object, and the relative velocity of an object. The system of this 
example has the description at the point that the object recognition section 30 
processes the spectrum analysis result supplied from the radar signal-processing 
section 28 by the below-mentioned technique. 

[0023] Drawing 3 shows the block block diagram which expressed functionally 
the radar signal-processing section 28 mentioned above. The radar antenna 14 
mentioned above functions as transmitting antenna 14b and receiving-antenna 
14c, as shown in drawing 3 . The subcarrier generating circuit 32 with which the 
radar signal-processing section 28 is equipped, the frequency modulation circuit 
34, the modulation electrical-potential-difference generating circuit 36, and a 
directional coupler 38 constitute the transmitting-side circuit of a FM-CW radar. 
[0024] The subcarrier generating circuit 32 generates the subcarrier of 
predetermined frequency, and supplies the carrier signal to the frequency 
modulation circuit 34. On the other hand, the modulation electrical-potential- 
difference generating circuit 36 generates the triangular wave from which the 
amplitude changes in the shape of a triangle, and supplies the triangular wave to 
the frequency modulation circuit 34. The frequency modulation circuit 34 carries 



out the frequency modulation of the subcarrier supplied from the subcarrier 
generating circuit 32 by mal<ing into a modulating signal the triangular wave 
supplied from the modulation electrical-potential-difference generating circuit 36. 
[0025] The wave shown as a continuous line in drawing 4 (A) shows the change 
condition of the frequency of the signal which appears in the output terminal of 
the frequency modulation circuit 34. As a result of performing the frequency 
modulation mentioned above, as a continuous line shows in drawing 4 (A), the 
modulated wave signal modulated in the shape of a triangular wave with time 
amount progress with predetermined range-of-fluctuation deltaf and modulation 
frequency fm (fluctuation period of the triangular wave by which =1/T;T is emitted 
from the modulation electrical-potential-difference generating circuit 36) appears 
in the output terminal of the frequency modulation circuit 34. The modulated 
wave signal which appears in the output terminal of the frequency modulation 
circuit 34 is supplied to the mixer 40 later mentioned while transmitting antenna 
14b is supplied through a directional coupler 38. 

[0026] The modulated wave signal supplied to transmitting antenna 14b is 
transmitted in the direction of a scan angle of transmitting antenna 14b like ****. If 
an object exists in this direction of a scan angle, a sending signal will be reflected 
by the object and the reflected wave will be received by receiving-antenna 14c. 
The mixer 40 is connected to receiving-antenna 14c. The radar signal-processing 
section 28 is equipped with the mixer 40, the amplifying circuit 42, the filter 44, 
and the fast-Fourier-transform processing circuit 46 (an FFT digital disposal 
circuit is called hereafter) as a receiving circuit of a FM-CW radar. The signal 
received by receiving-antenna 14c is changed into the data which are processed 
by this receiving circuit and express the distance between two cars and relative 
velocity of an object and a car. 

[0027] The wave shown with a broken line and an alternate long and short dash 
line in drawing 4 (A) shows the change condition of the frequency of the reflective 
signal supplied to a mixer 40 from receiving-antenna 14c, respectively. In a mixer 
40, the beat signal which makes both frequency difference a fluctuation 



frequency is generated by mixing this reflective signal and the sending signal 
supplied from a directional coupler 38. 

[0028] Drawing 4 (B) shows the change condition of the frequency of this beat 
signal. Hereafter, as shown in drawing 4 (B), it gets down from the frequency of 
the beat signal generated in the section when the frequency of the beat signal 
generated in the section when the frequency of a sending signal rises is gone up 
at, and a frequency fup and the frequency of a sending signal descend, and a 
frequency fdown is called. 

[0029] After the beat signal generated with a mixer 40 is amplified in an 
amplifying circuit 42, it is supplied to a filter 44. A filter 44 divides into the beat 
signal of the rise section, and the beat signal of a trailing edge the beat signal 
supplied from the amplifying circuit 42. Both the separated beat signals are 
supplied to the FFT digital disposal circuit 46. the FFT digital disposal circuit 46 - 
the beat signal of each section - FFT processing - giving the power spectrum 
(an uphill section spectrum is called hereafter) about the going-up frequency fup - 
- and it gets down and the power spectrum (hereafter, it gets down and a section 
spectrum is called) about a frequency fdown is computed. 
[0030] Drawing 5 (A) shows the uphill section spectrum calculated by the FFT 
digital disposal circuit 46, when two objects exist in the direction of a scan angle 
of the radar antenna 14. Moreover, drawing 5 (B) shows the going-down section 
spectrum computed by the FFT digital disposal circuit 46 under the same 
environment. 

[0031] When two or more objects exist in the direction of a scan angle of the 
radar antenna 14, the reflected wave about each object is received by receiving- 
antenna 14c. In this case, in a mixer 40, a beat signal is formed about each of 
two or more input signals. Consequently, in the FFT digital disposal circuit 46, the 
power spectrum which has two or more peaks is detected. 
[0032] By the way, supposing there is no relative velocity between a car and an 
object, between the transmission wave transmitted from transmitting antenna 14b, 
and the reflected wave which reaches receiving-antenna 14c, the phase contrast 



according to the time amount wliicli takes between an object and cars for a 
signal to spread will arise. In this case, since the frequency of a reflected wave is 
not overlapped on a doppler shift, the wave showing the frequency drift of a 
reflected wave turns into a wave which only carried out the parallel displacement 
of the wave of a sending signal in time, as an alternate long and short dash line 
shows in drawing 4 (A). Therefore, as it gets down with the going-up frequency 
fup and an alternate long and short dash line shows a frequency fdown in 
drawing 4 (B), it both becomes an equal value. Under the present circumstances, 
both fup and fdown serve as a value corresponding to the distance between two 
cars of an object and a car. 

[0033] On the other hand, when relative velocity Vr exists between a car and an 
object, the frequency of a reflected wave is overlapped on the doppler shift 
according to relative velocity Vr. For this reason, when it is in the inclination for 
an object and a car to approach, for example, on the whole, the frequency of a 
reflected wave shifts to a RF side. Consequently, the wave showing the 
frequency of a reflected wave turns into a wave which carried out the parallel 
displacement of the wave (wave shown with the one-point finger chain line 
among drawing) which carried out the parallel displacement in time according to 
distance to the RF side further, as a broken line shows in drawing 4 (A). 
[0034] If the frequency of a reflected wave is shifted to a RF side like the above, 
compared with the case where relative velocity Vr is "0", fup will be small, and 
fdown will be changed greatly. Under the present circumstances, if the average 
of fup and fdown is calculated as shown in a degree type, the doppler shift 
component superimposed on fup and the doppler shift component superimposed 
on fdown offset each other, and the characteristic value corresponding to the 
distance between two cars of an object and a car can be acquired. 
[0035] 

fr = (fup+fdown)/2 ... (1) The deflection of fup and fdown is equivalent to the sum 
with the doppler shift component superimposed on the doppler shift component 
superimposed on fup, and fdown again. Therefore, if one half of the values of 



both deflection are calculated as shown In a degree type, the value will turn into a 
characteristic value corresponding to the doppler shift component resulting from 
the relative velocity of a car and an object. 
[0036] 

fd = (fdown-fup)/2 ... (2) In this example, if the object which has relative velocity 
Vr exists in the location which estranged only distance L when fm and modulation 
width of face are [ the center frequency of the modulated wave signal which the 
frequency modulation circuit 34 generates / deltaf and the velocity of propagation 
of a sending signal ] high speeds c for fO and modulation frequency, the relation 
shown in a degree type is materialized. 
[0037] 

fr =4 fm-delta f-L/c ... (3) fd =2 Vr-fO / c ... (4) Therefore, when the spectrum peak 
which gets down with the spectrum peak showing the going-up frequency fup in 
the FFT digital disposal circuit 46, and expresses a frequency fdown is acquired, 
They are substituted for the above-mentioned (1) formula and (2) types, and it is 
fr. And fd It asks, and further, if the operation value is assigned to the above- 
mentioned (3) formula and (4) types, it can ask for the distance between two cars 
L and relative velocity Vr about the object which exists in the direction of a scan 
angle of the radar antenna 14. 

[0038] Like ****, drawing 5 (A) and drawing 5 (B) are as a result of [ in case two 
objects exist in the direction of a scan angle of the radar antenna 14 ] spectrum 
analysis. More specifically, the spectrum which appears in the location of a 
frequency FMU1 in drawing 5 (A), and the spectrum which appears in the 
location of a frequency FMdl in drawing 5 (B) are the peaks which originated and 
appeared in the object of 1 which exists in the direction of a scan angle. 
Moreover, the spectrum which appears in the location of a frequency FMU2 in 
drawing 5 (A), and the spectrum which appears in the location of a frequency 
FMd2 in drawing 5 (B) are the peaks which originated and appeared in other 
objects which exist in the direction of a scan angle. 

[0039] When the **** spectrum analysis result shown in drawing 5 is obtained, 



while being able to ask for the distance between two cars L about the object of 1 , 
and relative velocity Vr by performing the operation using the above-mentioned 
(1) - (4) type combining FMU1 and FMd1, it can ask for the distance between two 
cars L about other objects, and relative velocity Vr by performing the same 
operation combining FMU2 and FMd2. Thus, in the system of this example, the 
data about two or more objects can be obtained from the spectrum analysis 
result of a lot. 

[0040] The radar antenna 14 is scanned by the scanner 18 like ****. Drawing 6 
shows the field set up as a scan field of the radar antenna 14 in the car 48 
carrying the system of this example. As shown in drawing 6 , in this example, the 
field which has every 10 degrees breadth right and left to the axis of the cross 
direction of a car 48 is made into the field scanned by the radar antenna 14, i.e., 
the detection field of an object. In addition, it sets to the following explanation and 
is scan angle thetaS about a left-hand side field to the axis of a car 48. It is scan 
angle thetaS about a right-hand side field to a negative field and the axis of a car 
48. It considers as a fonA^ard field. 

[0041] Drawing 7 is scan angle thetaS of the radar antenna 14. Relation with the 
frequency f of a sending signal is shown. Like ****, it synchronizes with 
processing of the radar signal-processing section 28 in the system of this 
example, and is scan angle thetaS of the radar antenna 14. It is controlled. More 
specifically, the radar antenna 14 is scan angle thetaS, while the frequency f of a 
sending signal changes by one period, as shown in drawing 7 R> 7. It is 
controlled so that 0.5 degrees changes. Moreover, in this example, the radar 
antenna 14 is controlled so that a -10 degrees - +10 degrees field is scanned 
every about 1 00 msec(s). 

[0042] According to the system of this example, the data about an object can be 
calculated by getting down with an uphill section spectrum and detecting 1 set of 
section spectrum. Like the above, while the frequency f of a sending signal 
changes by one period, it is scan angle thetaS. If 0.5 degrees changes, it is scan 
angle thetaS. Whenever 0.5 degrees changes, it can get down with the uphill 



section spectrum of a lot, and a section spectrum can be obtained. Therefore, 
according to tine system of this example, whenever 0.5 degrees of radar 
antennas 14 are scanned, the data about an object can be calculated. 
[0043] That is, in the system of this example, the detection field of the car 48 
front is classified into the detection field of 40 every 0.5 degrees, and while 
scanning the field whose radar antenna 14 is scan angle thetaS-10 degree-+10 
degree, 40 sets of spectrum analysis results shown in above-mentioned drawing 
5 (A) and (B) among about 100 msec(s) can be obtained. The radar antenna 14 
follows on being scanned and the radar signal-processing section 28 mentioned 
above is scan angle thetaS of the radar sensor 20 about these 40 sets of 
spectrum analysis results. The object recognition section 30 is supplied in the 
condition of having matched. 

[0044] Drawing 8 shows the condition that objects 50 and 52 exist ahead of [ in 
which the system of this example is carried ] a car. An object 50 is an anchorage 
like the pole of a guard rail, and an object 52 is a precedence vehicle while 
running a path on the street. Like in the system of this example, whenever 
0.5 degrees of radar antennas 14 are scanned, the spectrum analysis result of a 
lot is obtained. Moreover, the radar antenna 14 has predetermined breadth, and 
sends and receives a transceiver wave. For this reason, the detection field 
secured by scanning 0.5 degrees of radar antennas 14 serves as range which 
added the breadth of the transceiver wave which the radar antenna 14 sends and 
receives to the range of 0.5 degrees. The boundary line shown as a continuous 
line in drawing 8 R> 8 shows the boundary line (a field partition line is called 
hereafter) which classifies a detection field every 0.5 degrees. Moreover, the 
boundary line shown with a broken line in drawing 8 shows the breadth range of 
the transceiver wave of the radar antenna 14 in case the scanning direction of 
the radar antenna 14 laps with a field partition line. 

[0045] When the scanning direction of the radar antenna 14 changes to the 
condition of lapping with the field partition line which adjoins the right-hand side 
of the field partition line from the condition of lapping with the field partition line 



expressed most with left-hand side in drawing 8 , it means that the range shown 
by ** in drawing 8 was scanned. Similarly, whenever 0.5 degrees of scanning 
directions of the radar antenna 14 change henceforth, the field shown by ** in 
drawing 8 one by one, the field shown by **, and the field shown by ** are 
scanned. These field ** - ** have the part which laps with an adjoining field. 
Therefore, the object located near the boundary section of each field will be 
detected as an object in two fields. 

[0046] In the situation shown in drawing 8 , an object 50 exists in the duplication 
field of field ** and field **. Moreover, an object 52 exists in the duplication field of 
field ** and field **. Therefore, in field ** and field **, an object 52 will be detected 
for an object 50 in field ** and **, respectively. 

[0047] Drawing 9 (A) and drawing 9 (B) express the uphill section spectrum and 
going-down section spectrum to field **, respectively. Into these spectrum 
analysis results, the peak spectrums Su50 and Sd50 resulting from an object 50 
appear. Since an object 50 is the body fixed to a path on the street, a big relative 
velocity exists between the cars and objects 50 carrying the system of this 
example. For this reason, the location where the peak spectrum Su50 appears 
into an uphill section spectrum, and the location where it gets down and the peak 
spectrum Sd50 appears into a section spectrum are estranged comparatively. 
[0048] Drawing 10 (A) and drawing 10 (B) express the uphill section spectrum 
and going-down section spectrum to field **, respectively. In addition to the peak 
spectrums Su50 and Sd50 resulting from an object 50, into these spectrum 
analysis results, the peak spectrums Su52 and Sd52 resulting from an object 52 
appear. Since the object 52 is running a path on the street, so big a relative 
velocity does not exist between the cars and objects 52 carrying the system of 
this example. For this reason, the location where the peak spectrum Su52 
appears into an uphill section spectrum, and the location where it gets down and 
the peak spectrum Sd52 appears into a section spectrum are comparatively 
close. 

[0049] Drawing 1 1 (A) and drawing 1 1 (B) express the uphill section spectrum 



and going-down section spectrum to field **, respectively. Into these spectrum 
analysis results, only the peak spectrums Su50 and Sd50 resulting from an 
object 52 appear. Moreover, drawing 12 (A) and drawing 12 (B) express the 
uphill section spectrum and going-down section spectrum to field **, respectively. 
Since an object does not exist in field **, a peak spectrum does not appear into 
these spectrum analysis results. 

[0050] As shown in above-mentioned drawing 9 (A) and drawing 9 (B) or above- 
mentioned drawing 11 (A), and drawing 11 (B), an uphill section spectrum and 
when it gets down and every one peak spectrum appears in a section spectrum, 
respectively, it can ask for the data about an object correctly by performing the 
operation based on the above-mentioned (1) - (4) type combining those spectrum 
peaks simply. 

[0051] However, as shown in above-mentioned drawing 10 (A) and drawing 1010 
(B), an uphill section spectrum and when it gets down and two or more spectrum 
peaks exist in a section spectrum, respectively, it is required to perform pairing of 
a spectrum peak. When a big relative-velocity difference exists in two or more 
objects detected by coincidence like the objects 50 and 52 mentioned above, the 
sequence which gets down with the sequence which the peak spectrum resulting 
from those objects goes up, and appears into a section spectrum, and appears 
into a section spectrum may be reversed. Therefore, an exact combination may 
not be acquired depending on only carrying out pairing of two or more peak 
spectrums to the order of a frequency. 

[0052] This example is scan angle thetaS, when two or more peak spectrums in 
the inside of a specific scan field are detected. By performing pairing of a peak 
spectrum in consideration of an element, it has the description at the point that 
this pairing can be performed easily and correctly. Hereafter, with reference to 
drawing 13 and drawing 14 , the technique of pairing performed in this example 
is explained. 

[0053] Drawing 13 and drawing 14 show the flow chart of an example of the 
control routine which ECU 10 for radars performs that the above-mentioned 



function should be realized. The routine shown in drawing 13 and drawing 14 Is a 
routine started every about 100 msec(s), whenever the scan of the radar antenna 
14 is started. 

[0054] Starting of the routine shown in drawing 13 and drawing 14 carries out the 
Increment of the counter I in step 100 first. Counter 1 is a counter showing the 
number of the field scanned by the radar antenna 14, and "0" is set by the initial 
setting. Therefore, in step 100, i is set to "1" immediately after starting this routine. 
[0055] At step 102, it is distinguished whether the data input about Field i was 
completed, or the scan of Field i was completed. After the data input is not yet 
completed, when it is distinguished, distinction of the repeat step 102 is 
performed until it is distinguished that the data input was completed. If it is 
distinguished that the data input was completed, in step 104, an uphill section 
spectrum and signal processing for getting down and obtaining a section 
spectrum will be performed. 

[0056] Termination of processing of the above-mentioned step 104 distinguishes 
[ next ] whether the number of the peak spectrums contained in a spectrum 
analysis result is larger than "1" in step 106. The number of peaks is not larger 
than "1", namely, when it is distinguished that the number of peaks is "1", it is 
combining simply the peak spectrum contained in an uphill section spectrum, and 
the peak spectrum which gets down and is contained in a section spectrum, and 
exact pairing is obtained. For this reason, when the above-mentioned distinction 
is made, henceforth, steps 108 and 1 10 are jumped and processing of step 1 12 
is performed. 

[0057] In the above-mentioned step 106, when the number of peaks was larger 
than "1" and it is distinguished, in step 108, pairing of the peak spectrum 
contained in an uphill section spectrum and the peak spectrum which gets down 
and is contained in a section spectrum is carried out to the order of a frequency. 
Next, in step 1 10, it is distinguished whether it is more than threshold alphaTH 
predetermined in whenever [ correlation / of the peak spectrum by which pairing 
was carried out ]. Whenever [ correlation / of a peak spectrum ] is calculated 



based on the configuration of a peak spectrum etc. Wlien the peak spectrum by 
which pairing was carried out is what both originates in the same object, 
whenever [ high correlation ] is obtained. In this case, the conditions of the 
above-mentioned step 110 are satisfied. On the other hand, when the peak 
spectrum by which pairing was carried out is a thing resulting from a different 
object, whenever [ low correlation ] calculates. In this case, the conditions of the 
above-mentioned step 110 become abortive. 

[0058] When the conditions of the above-mentioned step 1 10 were satisfied and 
it is distinguished, based on the peak spectrum by which was judged that pairing 
of two or more peak spectrums was carried out appropriately, next pairing was 
carried out in step 112, the relative velocity Vr of the object over the distance 
between two cars L and the self-car of the data about an object, i.e., an object 
and a self-car, calculates, and those operation values are memorized with the 
number i of a scan field. 

[0059] On the other hand, when it is distinguished that the conditions of the 
above-mentioned step 1 1 0 are abortive, two or nnore peak spectrums are judged 
that pairing is not carried out appropriately, and spectrum information is held in 
step 1 14. In this example, the number i of a scan field, the level of a peak 
spectrum, and the location (frequency) where a peak spectrum is detected are 
held as spectrum information. 

[0060] Termination of the above-mentioned processing distinguishes next 
whether Counter i has reached the predetermined value n in step 116. The 
predetermined value n is a number given to the last scan field. When i>=n is 
abortive, the data collection about all scan fields is judged to yet have not ended. 
In this case, processing of the repeat above-mentioned steps 1 00-1 14 is 
performed until it will be distinguished, if the conditions which become i>=n are 
satisfied. On the other hand, when i>=n was materialized and it is distinguished, 
it is judged that the data collection about all scan fields was completed. In this 
case, after Counter i is reset by "0" in step 1 18, processing after step 120 shown 
in drawing 14 is performed. 



[0061] At step 120, the number of the field of one is substituted for Variable j 
among the fields where spectrum information was held at the above-mentioned 
step 114, i.e., the field where the combination of a peak spectrum is not decided, 
(an indefinite field is called hereafter). In addition, the field of 1 is determined as 
the field where a number is the smallest, the field where a number is the biggest, 
or the field which corresponds ahead of a self-car among indefinite fields. 
[0062] "j-1" is substituted for Variable k at step 122. Next, at step 124, it is 
distinguished whether the combination of the peak spectrum of Field k is decided. 
When Field k is an indefinite field, it is distinguished that the above-mentioned 
conditions are abortive. In this case, henceforth, in step 126, it is distinguished 
whether k is small as compared with j, and processing of step 128 or step 130 is 
performed according to that distinction result. Like ****, Variable k is set as j-1 at 
the beginning. If k is j-1, the conditions of the above-mentioned step 126 will be 
satisfied. In this case, after the decrement of the k is henceforth carried out in 
step 128, processing of the above-mentioned step 124 is performed again. In this 
case, distinction of being a definite field is performed about the field where a 
number is one by one more small until it is distinguished that Field k is a definite 
field. Moreover, Variable k may be set as j+1 under a specific situation like the 
after-mentioned. After it is distinguished in this case that the conditions of the 
above-mentioned step 126 are abortive and the increment of the k is carried out 
at step 130, processing of the above-mentioned step 124 is performed again. In 
this case, distinction of being a definite field is performed about the field where a 
number is one by one more big until it is distinguished that Field k is a definite 
field. 

[0063] In the above-mentioned step 124, when it is distinguished that Field k is a 
definite field, in step 132, it is distinguished whether it exists in the indefinite field 
to which the peak spectrum contained in k field, i.e., a definite field, adjoins k field. 
If the peak spectrum (a duplication peak is called hereafter) which overlaps both 
exists, based on the combination of the already decided peak spectrum, pairing 
of the peak spectrum of an indefinite field can be carried out easily and correctly. 



On the other hand, when both do not have duplication, the pair rig by the 
technique of starting cannot be done. In this case, in step 134, j+1 is substituted 
for Variable k, and retrieval of the definite field which has a big number as 
compared with Field j is started henceforth. 

[0064] In the above-mentioned step 132, when the duplication peak existed in the 
indefinite field and it is distinguished, in step 136, processing which carries out 
pairing of the duplication peak in the spectrum analysis result of an indefinite field 
is performed. If pairing of the duplication peak is carried out, the number of peaks 
which remains in the spectrum analysis result of an indefinite field will decrease, 
and pairing will become easy. Henceforth, pairing of the peak spectrum which 
remains in the spectrum analysis result of an indefinite field is carried out by the 
technique of frequency pairing, and the technique of correlation pairing at step 
138. 

[0065] Termination of the above-mentioned processing distinguishes [ next ] 
whether the peak spectrum was decided about all fields in step 140. 
Consequently, if an indefinite field still exists, when being distinguished, 
processing after the above-mentioned step 120 is performed again. On the other 
hand, this routine is ended when being distinguished, if the peak spectrum of all 
fields is already decided. 

[0066] According to above-mentioned processing, when the combination of a 
proper peak spectrum is not acquired depending on the technique of frequency 
pairing, based on the spectrum analysis result of other fields contiguous to the 
field, pairing of some peak spectrums contained in the spectrum analysis result 
of an indefinite field can be carried out correctly. If the number of the indefinite 
peaks included by this pairing all over an indefinite field decreases, it will become 
possible to carry out pairing of the peak spectrum which remains easily as 
compared with the case where all peak spectrums are indefinite peaks. 
Therefore, according to the system of this example, it is possible to carry out 
pairing of the peak spectrum of a large number contained in two or more 
spectrum analysis results easily and certainly. The system of this point and this 



example has the effectiveness that the function to detect an object correctly in a 
large detection field can be realized, without being accompanied by the 
disadvantageous profit on cost and responsibility. 

[0067] In the above-mentioned example In addition, the inside of the radar signal- 
processing section 28 of ECU10 for radars, In the frequency modulation device 
which the subcarrier generating circuit 32, the frequency modulation circuit 34, 
and the modulation electrical-potential-difference generating circuit 36 described 
above The spectrum analysis device which the filter 44 and the FFT digital 
disposal circuit 46 described above to the beat signal generator style which the 
mixer 40 and the amplifying circuit 42 described above, Moreover, it is equivalent 
to the scan means which the scan angle control section 26 of the scan controller 
16, a scanner 18, and ECU 10 for radars described above, respectively. 
Furthermore, in the above-mentioned example, when ECU 10 for radars performs 
processing of the above-mentioned steps 120-136, the above mentioned 
spectrum pairing means is realized. 
[0068] 

[Effect of the Invention] Like ****, according to this, invention, it goes up for every 
scan angle, and it gets down, a section spectrum calculates and a section 
spectrum and the data about an object are called for for every scan angle. 
Therefore, the location of two or more objects which exist in a large detection 
field as compared with the exposure range of a transmission wave is correctly 
detectable. Moreover, according to this invention, in case pairing of the spectrum 
peak is carried out. scan angle data are used. For this reason, as compared with 
the case where scan angle data are not used, it becomes possible to carry out 
pairing of the spectrum peak easily. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the system configuration Fig. of the FM-CW radar installation 
which is one example of this invention. 

[Drawing 2] It is the block block diagram of ECU for radars used for the FM-CW 
radar installation shown in drawing 1 . 

[Drawing 3] It is the block block diagram of the radar signal-processing section 
which is the component of ECU for radars shown in drawing 2 . 
[Drawing 4] Drawing 4 (A) is a wave showing change of the frequency of the 
signal transmitted and received by the radar antenna. Drawing 4 (B) is the wave 
of the peat signal detected in ECU for radars. 

[Drawing 5] Drawing 5 (A) is spectrum data showing an uphill frequency. Drawing 
5 (B) is spectrum data which get down and express a frequency. 
[Drawing 6] It is drawing showing the detection range of the FM-CW radar 
installation shown in drawing 1 . 

[Drawing 7] It is a wave showing the relation of the scan include angle of a FM- 
CW radar installation and the frequency of a transmission wave which are shown 
in drawing 1 . 

[Drawing 8] It is drawing showing the scan field of the FM-CW radar installation 
shown in the object which exists ahead of a car, and drawing 1 . 
[Drawing 9] Drawing 9 (A) is an example of the uphill section spectrum obtained 
to ** field shown in drawing 8 . Drawing 9 (B) is an example of the going-down 



section spectrum obtained to ** field shown in drawing 8. 
[Drawing 10] Drawing 10 (A) is an example of the uphill section spectrum 
obtained to ** field shown in drawing 8 . Drawing 10 (B) is an example of the 
going-down section spectrum obtained to ** field shown in drawing 8 . 
[Drawing 11] Drawing 11 (A) is an example of the uphill section spectrum 
obtained to ** field shown in drawing 8 . Drawing 1 1 (B) is an example of the 
going-down section spectrum obtained to ** field shown In drawing 8 . 
[Drawing 12] Drawing 12 (A) is an example of the uphill section spectrum 
obtained to ** field shown in drawing 8 . Drawing 12 (B) is an example of the 
going-down section spectrum obtained to ** field shown in drawing 8 . 
[Drawing 13] It is the flow chart (the 1) of an example of the control routine 
performed In ECU for radars with which the FM-CW radar installation shown in 
drawing 1 is equipped. 

[Drawing 14] It is the flow chart (the 2) of an example of the control routine 
performed in ECU for radars with which the FM-CW radar installation shown in 
drawing 1 is equipped. 
[Description of Notations] 

10 Electronic Control Unit for Radars (ECU for Radars) 

12 Environmental Recognition Vehicle Speed Control Electronic Control Unit 

(Environmental Recognition Vehicle Speed Control ECU) 

14 Radar Antenna 

16 Scan Controller 

18 Scanner 

26 Scan Angle Control Section 

28 Radar Signal-Processing Section 

30 Object Recognition Section 

48 Car 

50 52 Object 
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